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ABSTRACT 



The purpose of this study was to determine whether an 
instructional unit on inventing affected the inventive abilities of 
fifth and sixth graders and investigate the possible effects of the 
unit on students* creativity scores and attitudes towards science. 
Concomitantly, this study attempted to determine whether 
relationships existed between students* inventive abilities and the 
following: achievement, intelligence, creativity, and creative 
interests. One-hundred-seven fifth and sixth graders in three 
elementary j schools werej randomly assigned by_ school to experimental " 

and control groups. Analysis of the data revealed a number of 

significant interactions. For the measure of inventing, instruction 
by sex and school by grade were significant interactions. Achievement 
as a covariate was also found to be significant. The interaction, 
school by grade by sex, was significant for creativity. There were no 
significant correlations between inventing, creativity, and attitude 
towards science, as measured by this study, although changes in 
creativity scores and attitudes towards science scores occurred. The 
results of thiri study suggest that instruction does increase 
inventiveness for some students. (Author/TW) 
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ABSTRACT 

The purpose of this study was to determine whether an instructional unit 
on inventing affected the inventive abilities of fifth and sixth graders and 
investigate the possible effects of the instruction unit on students 1 
creativity scores and attitudes towards science. Concomitantly, this study 
attempted to determi ne whether rel ati onshi ps exi s ted between students 1 
inventive abilities and the following: achievement, intelligence, creativity, 
and creative interests. One hundred seven fifth and sixth graders in three 
elementary schools were randomly assigned by school to experimental and 
control groups. The experimental groups received instruction in the process 
of inventing followed by participation in a Rube Goldberg lesson and 
invention fair. The control group participated only in the Rube Goldberg 
lesson and invention fair. A posttest only control group design was used. 
Multivariate analysis of co variance was used to adjust posttest scores using 
pretest scores, achievement arid intelligence test scores. 

Analysis of the data revealed a number of significant interactions. For 
the measure of inventing, instruction by sex and school oy grade were 
significant interactions. Achievement as a covariate was also found to be 
significant. The interaction, school by grade by sex, was significant for 
creativity. There were rib significant correlations between inventing, 
creativity, and attitude towards science, as measured by this study, although 
changes in creativity scores and attitude towards science scores occurred. 
The results of this study suggest that instruction does increase 
inventiveness for some students. 
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Introduction 

invention is one of the strongest driving forces in human affairs and it 
is the very foundation of civilization. Unless there is an understanding of 
invention, there can hardly be any comprehension of the past, present, or 
future (Shi esi nger , 1973 ) . I nvent i ons cause change , devel opment , and 
evolution in World affairs. Inventive thought should be encouraged for the 
purpose of solving problems for humanity since the key to many new products 
and inventions which will transform the environment and supply many of the 
needs of society may well be the knowledge of how to invent. 

It is possible that any problem for which no solution has been found may, 
in fact, be insoluble. More likely, the means for solving the problem is 
wrong or inadequate and, therefore, some new and original approach is 
necessary. Progress and perhaps mankind's existence itself depends on such 
new and original approaches to solutions which come from the creative or 
inventive process. these new ideas do not come from complex machines, 
ultramodern facilities or dollars, but from people (McCormack, 1981; Gil more, 
1959). 

Purpose 

The purpose of this study was to determine whether an instructional unit 
on inventing affected the inventive abilities of fifth and sixth graders and 
to investigate the possible effects of the instructional unit on students 1 
creativity scores and attitudes towards science. Concomitantly, this study 
attempted to determine whether relationships existed between students 1 
inventive abilities and the following: achievement, intelligence, 
creativity, and creative interests. 
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Methodology 



Sample 



The study involved 107 elementary school students enrolled in three 
elementary schools within one midwestern, rural school corporation. The 
sample consisted of all fifth and sixth grade students, each school having 
one class at each grade level . The schools were randomly assigned to 
experimental and control groups. The experimental group consisted of two 
schools (two classes at each grade level} and the control group consisted of 
one school (one class at each grade level}. In the experimental group which 
received instructional treatment were 58 ; i f thi graders and 41 sixth graders. 
In the control group which received m instructional treatment were 19 fifth 
graders and eight sixth graders. The tstal number of students participating 
at sometime during the study was actually 117. Due to experimental 
mortality, ten subjects were eliminated from the study. The students 
eliminated from the study were distributed among all three schools. 



A two-day in-service program was conducted to familiarize all of the 
teachers tK-6) in the three elementary schools with the instructional unit 
used in this study. Information concerning the type of activities 
appropriate for teaching inventing as a process, as well as the thinking 
skills necessary for the development of inventive abilities, was presented. 
Most of the time was spent doing the activities included in the instructional 
unit. the investigator conducted the in-service program and served as a 
model teacher. 

During the last two weeks of the first semester, three pretest measures 
were administered, each given on separate days. At the beginning of the 
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second semester* the experimental group of classes experienced the 
instructional treatment ; The control classes received the science 
instruction which was normally a part of the curriculum,, The Investigator 
met with each of the teachers reviewing the information provided during the 
in-service and answering questions regarding specific lessons to be taught 
and materials to be u$e£. 
Treatment 

The instructional treatment involved the implementation of an 
instructional unit wtoich assisted of 14 lessons that stimulated creative 
thinking, visual thinking inventive thinking, provided a science knowledge 
base, and encouraged the development of manual skills* The unit was based on 
a model of instruction which requires an active role on the part of the 
student and emphasized the science process skills. Some of the lessons 
included in the instructional unit were original activities while others were 
either taken or adapted from a variety of sources. Each lesson was assigned 
ah estimated amount of time necessary for completion; the length of time for 
each lesson varied from 30 to 80 minutes. The total estimated instructional 
time was ten hours and forty minutes taught over a four week period. 

The instructional unit was submitted to a panel of three science 
educators. Each panel member independently rated each lesson within the unit 
on its appropriateness for development of various skills such as visual, 
creati ve , and i n vent i ve thl n ki ng . Panel members agreed that each of the 
lessons were highly appropriate. This consensus was used as evidence of 
content validity. 

The last lesson 1n the unit presented information regarding Rube Goldberg 
inventions. That lesson was presented to subjects in the control group as 
well as subjects in the experimental group. At the conclusion of the lesson* 
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all subjects were given a challenge to individually design and construct an 
invention to wake themselves in the morning. The inventions, in the true 
tradition of Rube Goldberg, were to be as complicated and as humorous as 
possible. The inventions were displayed at individual school invention fairs 
and evaluated by three judges using the Invention Evaluation Instrument. The 
three persons who judged the inventions were graduate students in science 
education. The time between the initial student instruction and the 
invention fair was approximately six weeks. The time between tne final 
instruction and the invention fair, approximately two weeks, was allowed for 
the independent construction of an invention. Sotae school time during those 
two weeks was allocated to invention design and construction. Subjects were 
allowed to work on their inventions at home, as well. The total amount of 
time involved in designing and constructing the inventions varied according 
to individual subjects. 
Instr uments Used i n t he Re sea r ch 

Estes Attitude Scales. The Estes Attitude Scales, Elementary Form (EAS; 
Estes, Estes, Richards, & Roetiger, 1981), a device for measuring students' 
attitudes toward basic school subjects, reading, mathematics, and science, 
consisted of three 14- item Likert-type scales. The EAS results in the form 
of scaled scores provide a means of 1} estimating how attitudes of groups or 
individuals compared with similar aged peers, 2) determining magnitude and 
direction of attitude change over a period of time, and 3) comparing relative 
attitudes of groups or individuals toward the subject areas surveyed. The 
scales, intended for use with children from grades two through six, required 
no reading. The entire battery was administered in one session taking 
approximately 20 minutes, although only the attitude towards science portion 
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was utilized in this study* the reported reliability of the Elementary Form 
ranges from »76 to .88 on all three scales, the internal consistency on the 
science scale, alone, ranges from .82 to .88. the rsl lability for 105 
subjects used in this study was .90 established using the equal length 
Spearman-Brown split half correlation. 

Group Inventory: for Finding Interests , the Group Inventory For Finding 
Interests (GIFFI; Rimm S Davis, 1980) was used to identify students with 
attitudes and interests usually associated with creativity, these attitudes 
included independence, perseverance, flexibility, curiosity, breadth of 
interests, sense of humor, and risk-taking, the GIFFI Level 1 instrument 
consisted of 60 items marked on a Likert-type scale taking approximately 30 
minutes to administer. Curve Equivalent scores provided results in five 
dimensions: 1) creative art and writing, 2) challenge-inventiveness, 3) 
confidence, 4) imagination, and 5) many interests. Using Hoyt reliability 
correlations, the internal consistency was reported to be .88 and by 
correlating inventory scores with outside measures of creativity^ the 
criterion-related validity was established and ranged from .33 to .45. 

Purdue Creativity test , the Purdue Creativity test (PCt; Lawshe * Harris, 
I960) was used to measure creativity, the purpose of this test, originally, 
was to f i nd out how " fl uent , f 1 exi bl e , and or i gi nal H engi neeri ng personnel 
were in their thinking, the test consisted of 20 items, each requiring two 
minutes. there were three kinds of items, all based on three-dimensional 
drawings, the first eight items asked for a list of possible uses for a 
single object, the next four items askiid for a list of possible uses for two 
objects together. the last eight items asked for a list of possible 
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identifications for an object. From the three types of i terns § two siibscores 
were obtained, fluency arid flexibility. The flexibility scores were based on 
items one through 12, a combination of the first and second types of items. 
From the third type of items, the fluency score was obtained. Two 
reliability estimates were reported for the flexibility score. The 
interscorer correlation was .87 and the split-half reliability coefficient 
was .86. For fluency arid total scores, respectively, the split-half 
reliabilities of .93 and .95 were reported. For the total score, the 
interscorer correlation was .97 (Laws he S Harris, 1950). 

Since the PCT was not originally designed to be administered to 
elementary school students, it was necessary to determine whether the PCT 
could be effectively administered to fifth grade students and whether the 
test discriminated between fifth grade students 1 responses to the items. A 
pilot study was conducted which involved 26 fifth grade students. The PCT 
was administered and scored as indicated in the directions. The results of 
the pilot study showed that the students, within the 2 minute time periods, 
could produce a number of responses for items one through 12 involving each 
of the 12 established categories. Two responses, those referring to living 
things, could not be classified into one of the 12 categories and were 
eliminated. 

To confirm the accuracy and consistency of scoring, an individual trained 
by the investigator 1ri the scoring procedures, scored ten tests randomly 
sel ected from the pilot study. After establishing normality and homogeneity 
of variances i an analysis of variance was performed iridi eating the 
differences between the judges to be nonsignificant for the fluency subtest. 
There was a judge by question interaction on the flexibility subtest which 
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was significant at the 0.01 level i Examination of the data revealed that, on 
test item number four, the two judges consistently classified two objects 
into two different categories. When that test item was removed from the data 
and a subsequent ANOVA was performed, the difference between judges was found 
to be nonsignificant on the flexibility subtest. 

Further analysis of the PCT was performed using the 107 subjects involved 
in the study # Reliability on the total score for the pretest, using equal 
length Spearman-Brown split half was .72. Condescriptive analysis reveal ed a 
mean of 53.53, variance of 316.73 and a range of 88.0 for the total score on 
the pretest, and a mean of 60.14, variance of 432.70 and a range of 127.50 
for the total score on the posttest. The PCT manual (Lawshe & Harris, 1960) 
included a table, Norms Based on Professional Engineers (N-106), which 
indicated the range for IXile to 99X11 e as being 30 to 105 with a mean of 
63.0. Other figures in the manual, empirical Individual expectancy charts 
for product, process, and project engineers (N=104) indicated ranges from 30 
to 119. 

Invention Evaluation Instrument. The Invention Evaluation Instrument was 
developed by the investigator to be used by judges to evaluate the students 1 
Rube Goldberg- type inventions displ ayed at the invention fairs. Numerical 
seal es were provided for assignment points to each invention in the following 
categories: 1) the number of steps Involved in the invention, 2) the number 
of different sources of energy, 3) the success of execution, 4) the degree of 
humor involved in the invention, and 5) the degree or originality in the 
materials and steps invol ved 1n the invention. The first three categories 
were objective in their measurements; to determi ne the score for each of the 
first two categories, steps or sources of energy were counted. The third 
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category was scored according to the number of times the inventor assisted 
during the performance of the invention. In an attempt to make the fourth 
category as objective as possible, the judges were instructed to evaluate the 
degree of humor involved in the invention as a reflection of the reaction of 
the crowd present during the performance rather than a personal reaction to 
the invention. To aid in the scoring of the fifth category, the judges 
surveyed all the Inventions, assessing the variety of materials involvec in 
the individual inventions, before the formal judging commenced. 

The Friedman test, a form of rank-order analysis of variance, was used to 
determine the reliability of the judges using the IEI. The results showed a 
Chi-square value of 0.000 and a significance of 1.000 indicating the 
difference between the judges was not significant. The ranking of inventions 
using the IEI, was therefore, shown to not depend on the person doing the 
scoring. 

By definition, a Rube Goldberg invention must be complex and humorous. 
Complexity was measured in the first two categories on the IEI; humor was 
measured in the fourth category. The fifth category was included to measure 
the degree of inventing involved, Inventing being defined as a unique 
combination of materials and processes. The third category was Included as 
incentive for the subjects. The students had copies of the IEI previous to 
the construction of the Inventions and each student evaluated his/her own 
invention prior to the official judging by the three judges. The third 
category has been considered unnecessary for both the definitions of 
inventing and a Rube Goldberg invention. After the analysis of the IEI, 
itself was completed, the analysis of the data in this study was conducted 
two ways, 1) using the sum of all three judges scores on all five categories 
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in the IEI and 2) using an adjusted total of the sum of all three judges 
scored including all except the score on the third category. The rationale 
for adjusting the total IEI was based on the observation that inventions 
which were? very simple, one or two steps, involved little risk; it was 
essentially impossible for the invention to fail to perform. On the other 
hand, those inventions which were very complex, five or more steps, involved 
considerable risk in performance. The inclusion of category three tended to 
discriminate against those inventions and therefore, the purpose for the IEI. 
QtheiM ^trumlnt s Used in vite-Study 

Achievement and intelligence test scores were secured from student 
records. As a measure of achievement, all three schools had administered the 
Iowa Test of Basic Skills (ITBS). As a measure of intelligent, some of the 
subjects had taken the Lorge-Thorndike Intelligence Tests tLTi. and others 
had taken the Cognitive Abilities Test I CAT). 
Testing Procedures 

Prior to any student instruction in inventing, the EAS, the GIFFI, and 
the PCT were administered to each class involved in the study, the tests 
were administered on separate days. The EAS and the PCT were used as pre- 
test and post- test instruments. The second administration of the tests 
followed the invention fair. Time involved in testing was not included in 
the instructional time. 
Research Design 

This study used a 2 x 3 x 2 x 2 nested factorial, posttest-only control 
group design with instructional treatment as the first factor. The second 
factor was the three elementary schools. This factor was nested within 
instruction, and, therefore, Instruction and schools were confounded. The 
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third factor was the two grade levels (fifth and sixth) and the fourth factor 
Was gender (male and Female). Subjects were nested within each variable; 
Method of Analysis 

Multivariate analysis of eo variance (MANCOVA) was conducted on the 
results from each of the post-measures to determine what effects the 
instructional unit may have had. The results of the three post-measures were 
used to establish four dependent variables: 1) Invention Evaluation Total 
based on the IEI, 2) Attitude Towards Science based on the EAS, 3) Creativity 
based on the total score for PCT, 4) Flexibility based oh the subtest score 
of PCT. 

Using MANCOVA allowed simultaneous evaluation of the four dependent 
variables while taking into account any initial differences between subjects 
through the use of seven covariates: 1) Achievement test scores, 2) 
Intelligence quotient, 3) Creativity interests (as measured by 6IFFI ) , 4) 
Inventiveness (interest measured as subscore with GIFFI), 5) Creativity (as 
measured by PCT pretest), 6) Flexibility (as measured by a subtotal of PCT 
pretest), and 7) Attitude (as measured by EAS pretest). By using covariates, 
significant results were hot repressed due to individual differences. 

First, multivariate F ratios were examined. Where the multivariate F 
ratio was significant, separate univariate F ratios for each dependent 
variable were examined. The means, standard deviations, and adjusted means, 
using the seven covariates, for each dependent variable are presented in 
Table 1. The means and standard deviations for each of the covariates are 
presented in Table 2. The adjusted means of each group of subjects nested 
within the independent variables were used as the experimental unit for each 
of the dependent measures. 
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The results of mul tivariate tests of significance for each of the 
dependent variables is presented in Table 3. The effects of grade and the 
interaction between school and grade were shown to be significant at £ <.01. 
Examination of the univariate analyses will further illustrate the importance 
of these two effects. 

The results of the univariate F test for the dependent variable, 
invention, as reported in MANCOVA are presented in Table 4. Gender, as a 
main effect is significant at the p_ <.05 level. The mean scores for males 
are higher than the mean scores for females. 

Instruction, as a main effect, appears to be significant at the £< .05 
level. It is important to recognize the confounding of schools within 
instruction. The experimental group included two schools which allowed for 
comparison between schools. The control group included one school and did 
not allow for comparison between schools. The difference in inventiveness 
may be due to instruction. 

Although not statistically significant at £ < .05 level, the instruction 
by gender interaction at £=.089 may have practical significance, and at least 
be noteworthy. Table 5 presents the adjusted mean scores of the IEI for the 
effect of instruction by gender and Figure 1 displays the same information 
graphically. Scores for the students in the experimental group are higher 
than scores for students in the control group. The difference between the 
scores of the females in the experimental group and the females in the 
control group were much greater than the difference between the scores for 
the males in the experimental group and the males in the control group. 

The interaction between school and grade is significant at the £ < .05 
1 evel • Scores on the inventions for sixth graders were higher than for fifth 
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graders in the control school and one experimental school . In the second 
experimental school the scores on the inventions were higher for the fifth 
graders than for the sixth graders. Achievement was the only covariate which 
was important for invention, significant at the £ < .05 level. 

The results of the univariate F test for the dependent variable, 
flexibility* are reported in fable 6. the interaction of school by grade by 
gender is significant at the £ <.05 level. The mean scores for fifth graders 
were higher than the mean scores for sixth graders on both the pretest and 
posttest for flexibility. The gain between pretest and posttest for fifth 
graders appears to be essentially equal for all schools suggesting the gains 
have nothing to do with the instruction. The gains between pretest and 
posttest scores for sixth graders were not as large as the fifth graders but 
a similar pattern exists. The scores show significant increases in 
flexibility between pretests and posttests for females and little or no 
increase in scores for males. The only exception noted was one experimental 
group school where the gain scores for males and females were essentially 
equal. Covariates for flexibility which were significant at the £ <.01 level 
were the pretest scores on the flexibility subtest of the P6T arid the pretest 
scores for the total PCT* 

the results of the univariate F test for the dependent variable, 
creativity, as measured by the total score on the PCT, are presented in Table 
7. The results are very similar to the results of the flexibility subtest. 
The interaction of school by grade by gender is significant at the £ < .05 
level . The pretest of the PCT was the only significant covariate and it was 
significant at the £ < .001 level . 
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the results of the univariate F test for the dependent variable, 
attitudes towards science are presented in Table 8, No effects are 
significant at the £< .05 level. The main effect, school nested with 
instruction is significant at the p=.061 levei and may also be noteworthy. 
Two schools, the control school and one of the schools in the experimental 
group , showed i ncreases i n mean scores whi 1 e the other school i n the 
experimental group had essentially equal mean scores for pretest and posttest 
measures. The school which demonstrated no change had the highest mean 
scores at the beginning of the study. The schools which had lower pretest 
scores showed the greatest increases resulting in similar posttest measures 
for all three schools. Since the pretest scores of 26 students were at or 
near the ceiling for the test, the EAS posttest was not sensitive to 
increases in attitudes towards science. The EAS posttest was administered 
after the invention fair in each schools. Therefore, the posttest was most 
likely influenced by the Rube Goldberg activity and invention fair and did 
not truly measure the effect of instruction. 
Conclusions 

This study has shown that Instruction has affected the inventive 
abilities of some students. Three of the four classes which received 
instruction, one fifth grade and two sixth grade classes, demonstrated higher 
mean scores on the Inventions as measured by the IEI than the classes which 
received no instruction. Females who received instruction had much higher 
mean scores on Inventions than females who received no Instruction. 

Males in each of the three schools had higher mean scores on inventions 
than females in the same school , but the males in only one school which 
received instruction showed higher mean scores than the males in the school 
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which received no instruction. Instruction was apparently more important for 
the females in this study than for the males. The implications of these 
results are very important for science education at a tirne when educators are 
looking for ways to encourage science achievement in females. 

If inventing were an inherent ability, only those students with high 
degrees of inventiveness would consistently score high on invention measures 
and students not inherently inventive would consistently score low on 
invention measures. Instruction would hot affect changes in the mean scores 
when classes were compared. The results of this study indicate that 
instruction does increase inventiveness for some students. the fact that 
instruction enhances inventiveness supports the suggestion that inventing is 
a process skill which can be learned and that, perhaps, inventing should be 
included in the list of science process skills associated with science 
education. 
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Table 1 

Unadjusted and Adjusted Hearts and Standard Deviations 
for Dependent Variables 



Dependent 
Variable 



Instruction 
No Yes 



Schools 
2 



= Grade 
5 6 



Gender 
f m 



Invention 

means 52.9 61.3 52.9 57.0 65.5 

s.d. 13.1 17.0 13.1 16.4 16.6 

adj. means 51.6 52.6 50.8 59.9 64.8 



56.0 62.4 
13.3 18.6 
55.8 62.7 



56.9 61.1 
18.3 14.9 
55.6 62.5 



Flexibility 

means 38.8 39.9 38.8 43.5 36.2 

s.d. 12.3 14.4 12.3 16.3 11.3 

adj. means 38.3 40.4 38.3 41.4 38.9 



47.9 31.7 
13.3 9.0 
44.6 35.1 



41.2 38.4 
15.1 12.8 
39.6 40.0 



Creativity 0 


























means 


58.3 


62.6 


58.3 


68. 


3 


56.9 


74.3 


49.5 


64. 


3 


59. 


5 


s.d. 


19.8 


22.7 


19.8 


26. 


3 


17.1 


21.5 


14.5 


23. 


8 


20. 


6 


adj. means 


57.2 


63.6 


57.3 


66. 


4 


59.8 


69.8 


53.9 


61. 


3 


62. 


5 


Attitude towards 


; science 
























means 


49.5 


53.3 


49.5 


52; 


5 


54.2 


52;7 


52; 1 


51. 


8 


52. 


8 


s.d. 


10.9 


9.9 


10.9 


10. 


9 


8.8 


10.1 


10.4 


10. 


6 


10. 


0 


adj. means 


52.5 


51.2 


54.5 


53. 


7 


49.9 


52.5 


52.3 


52. 


1 


52. 


5 



Note , adj. means ■ adjusted mean for covariates. 

a Maximum possible score = 150 as measured with the IE I . 

^Maximum possible score * 144 as measured on the subtotal of PCT, posttest 

c Maximum possible score = unlimited as measured on total fo PCT, posttest 

: : : : :::: : : . _ : : 

Maximum possible score = 00 as measured on Science subtest of EAS, posttest 
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Table 2 

Means and Standard Deviations for Covariates 



Covariates 



Instruction 
No Yes 



Schools 
2 



Grade _ 

J 6 



Sender 

f m 



Achievement 

means 64.6 71.2 64.6 67.9 76.4 75.0 66.0 74.1 67.6 

s.d. 23.4 20.5 23.3 22.3 17.8 19.4 22.4 18.0 23.3 



Inventiveness 
means 4.8 
s.d. 1.8 

Attitude towards Science ( 



4.3 
1.8 



means 
s.d. 



42.5 
8.4 



51.3 
10.5 



4.8 
1.8 



42.4 
8.4 



4.5 
1.9 



47.7 
11.7 



4.2 
1.7 



55.0 
7.6 



4.8 
2.0 



49.3 
9.6 



4.1 
1.5 



49.2 
11.7 



3.7 
1.5 



48.5 
11.5 



5.0 
1.8 



49.8 
10.1 



Creativity 1 
means 
s.d 



57.7 
20.0 



Creative Interests* 



means 
s.d. 



53.3 
19.5 



I.Q. 

means 106.0 

s.d. 9.4 

Flexibility 9 

means 33.4 

s.d. 10.1 



52.1 
17.6 



55.2 
18.5 



108.7 
11.1 



33.8 
12.1 



57.7 
20.0 



53.3 
19.5 



106.0 
9.4 



33.4 
10.1 



56.7 
19.0 



56.6 
18.9 



106.5 
11.3 



38.3 
13.2 



47.6 
15.0 



53.8 
18.4 



110.8 
10.7 



29.2 
8.9 



61.0 
19.0 



57.0 
18.7 



38.6 
11.4 



46.2 
14.2 



52.5 
18.6 



107.4 108.6 
10.5 11.1 



29.0 
9.7 



53.2 
17.2 



55.5 
18.5 



110.4 
9.7 



33.4 
10.8 



53.6 
19.1 



54.2 
19.0 



106.3 
11.2 



33.9 
12.1 



a Maximum possible score 
^Maximum possible score 
c Max1mum possible score 
^Maximum possible score 



= 99. 



9 as measured by one dimension of GIFFI. 
67 as measured on Science subtest of EAS, pretest, 
unlimited as measured oh total score PCT, pretest. 
^Maximum possible score » 99 as measured on total of GIFFI. 
f Max1mun; possible score 3 unlimited. 

:imim possible score = unlimited as measured subtotal on PCT, pretest. 
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Table 3 

Wilks' Lambda Haiti van" ate Test of Significance 



Independent 
Variables 


Wilks' 
Lambda 


Apprbx. 

F 


d.f 


P 


Instruction 


0.87 


2.30 


4*62 


0.069 


School within 
Instruction 


0.89 


1.90 


4,62 


0.122 


Grade 


0.68 


7.41 


4,62 


0.000* 


Instruction by 
Grade 


0.93 


1.21 


4,62 


0.317 


School by Grade 


0.76 


5.00 


4,62 


0.001 


Gender 


0.89 


1.94 


4,62 


0.115 


Instruction by 
Gender 


0.09 


1.54 


4,62 


0.203 


School by Gender 


0.88 


2.17 


4,62 


0.083 


Grade by Gender 


0.87 


2.40 


4*62 


0.060 


Instruction by 
Grade by Gender 


0.94 


0.92 


4,62 


0.457 


School by 
Grade by Gender 


0.91 


1.54 


4,62 


0.201 



*p< 0.001 
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: Tabl e 4 

Univariate F Test for Adjusted Invention Score 



Independent Variables 


F value 


d.f. 


P 


Instruction 


4,30 


1,65 


0.042 


School within 










Instruction 


0.44 


1*65 


0.508 


Grade 


1.58 


1,65 


0.226 


instruction by Grade 


1.33 


1,65 


0.023 


School by Grade 


5.41 


1,65 


0.023 


Gerider 


6.40 


1,65 


0.014 


Instruction by Gender 


2.99 


1,65 


0.089 


School by Gender 


0.47 


1,65 


0.497 


Grade by Gender 


0.22 


1,65 


0,639 


Instruction by 








Grade by Gender 


3.10 


1,65 


0.083 


School by 








Grade by Gender 


0.06 


1,65 


0.815 
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■ ----_ z Table 5 
Adjusted Mean Scores for Inventions 
(Effect of Gender on Invention) 

Schools 

Control Experimental 

1 2 



Female 35.13 ln=5) 60.17 (n=13) 59.75 (n=13) 

Male 56.75 (11=15} 61*76 (n=19) 7Q.24 (n=14) 
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Table 6 

Univariate F Test for Flexibility 



Independent Variables 


F value 


d.f. 


P 


Instruction 


0.81 


1,65 


0.371 


Schools within 
Instruction 


2.51 


1,65 


0.113 


Grade 


23.39 


1,65 


0.000* 


Instruction by Grade 


0.25 


1,65 


0.620 


School by Grade 


1.45 


1,65 


0.233 


Gender 


0.21 


1*65 


0.650 


Instruction by Gender 


0.32 


1,65 


0.573 


School by Gender 


6.27 


1,65 


0.015 


Grade by Gender 


2.85 


1,65 


0.096 


Instruction by 
Grade by Gender 


0.55 


1,65 


0.460 


School by 
Grade by Gender 


5.99 


1,65 


0.017 



*p <0.001 
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Table 7 

Univariate F Test for Creativity 



independent vanaoies 


F value 


d.T • 


P 


Instruction 


2.96 


1,65 


0.090 


Schools within 








ins true ui on 


A f|9 

*T • UC 




U • Kit J 


uraQc 






ri ririri* 


instruction oy braae 


U, 00 


1 » 00 


ft A9ft 


School by Grade 


5.97 


1,65 


0.017 


Gender 


0.02 


1,65 


0.879 


Instruction by Gender 


0.10 


1,65 


0.753 


School by Gender 


4.00 


1*65 

1 


0.050 


Grade by Gender 


0.42 


1,65 


0.517 


Instruction by 








Grade by Gender 


0.90 


1,65 


0.348 


School by 








Grade by Gender 


4.01 


1,65 


0.049 



p <0.001 
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Table 8 

Univariate F Test for Attitude Towards Science 



Independent Variables 


F value 


d.f. 


p 


Instruction 


0.19 


1,65 


0.667 


Schools within 
Instruction 


3.62 


1,65 


0.061 


Grade 


0.00 


1,65 


0.987 


Instruction by Grade 


2.05 


1*65 


0.157 


School by Grade 


0.25 


1,65 


0.616 


Gender 


0.00 


1,65 


0.965 


Instruction by Gender 


2.91 


1,65 


0.093 


School by Gender 


2.65 

i 


1,65 


0.108 


Grade by Gender 


2.13 


1*65 


0.150 


Instruction by 
Grade by Gender 


0.67 


1,65 


0.417 


School by 
Grade by Gender 


0.15 


1,65 


0.702 
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